Mutagenesis by retroviral transgene insertion: risk assessment and potential alternatives.
Focus on retroviral gene transfer into hematopoietic cells has previously led to a proposed classification of side effects and discussion of issues related to combinatorial toxicity (including oncogenicity) of genetic interventions. Recent data underline that this discussion has to be broadened to any type of stable transfer technology. This review summarizes insights obtained in cell culture and animal models that were specifically designed to evaluate side effects of transgene insertion and new approaches of insertion site targeting. Ongoing research aims to reduce side effects of therapeutic transgene insertion by dose optimization and definition of contributing risk factors.